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摘  要 
钛合金具有比强度高、耐蚀性好、耐热性好及良好的生物相容性等特点，在
航空、航天、冶金、汽车及医用等领域得到了广泛的应用。由于钛合金的许多热
处理工艺和相变均与合金元素的扩散行为密切相关，因此，有必要对材料的扩散
动力学进行实验分析和理论计算。然而，目前由于缺乏相关的扩散实验数据，钛
基合金动力学数据库还很不完善。因此，本研究通过扩散偶法，实验测定了部分
钛基二元系中 bcc 相的互扩散系数，并基于文献报道的扩散实验信息和本研究得
到的实验数据，利用 DICTRA 软件进行动力学参数的优化与计算。同时，基于
文献报道的实验信息，并结合各基础子二元系的动力学参数，对相关部分钛基三
元系的动力学参数进行优化与计算，进一步完善钛基多元合金动力学数据库。本
研究的主要内容如下： 
(1) 通过制备 Ti-X(X=Ga、Cu、Sn、Co、Ni)二元系中 bcc 相的扩散偶，利
用 EPMA 技术测定了上述各扩散偶的浓度-距离曲线，基于浓度-距离曲线，用
Den Broeder 方法计算了上述各二元系中 bcc 相在 1273-1573 K 温度范围内的互
扩散系数。实验结果表明，本研究得到的实验数据与文献报道的有限实验信息是
基本一致的，从而验证了本研究所得实验结果的可靠性。 
(2) 基于本研究得到的实验结果和文献报道的实验数据，利用 DICTRA 软件，
对 Ti-X(X=Ga、Cu、Sn、Co、Ni)二元系中 bcc 相的动力学参数进行了优化与计
算，同时基于文献报道的实验数据，优化与计算了 Zr-Cr 和 Zr-Fe 二元系中 bcc
相及 Cu-Ga 二元系中 fcc 相的动力学参数，计算结果均与实验数据符合良好。根
据优化得到的动力学参数计算了扩散偶的浓度-距离曲线，计算结果和实验数据
也取得了良好的一致性，这进一步验证了本研究所得动力学参数的合理性。 
(3) 基于文献报道的扩散实验数据，利用 DICTRA 软件，对 Ti-Al-X(X=Mo、
Co)各三元系中 bcc 相的动力学参数进行了优化与计算，计算结果均与实验数据
符合良好。同时，对上述两个三元合金系的扩散偶浓度-距离曲线和扩散路径进
行了计算模拟，计算结果均与实验数据取得了良好的一致性，进一步验证了动力
学参数的准确性和有效性。 
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Abstract 
Titanium alloys feature high specific strength, good corrosion resistance, high 
heat resistance and good biocompatibility and so on, which leads to their wide 
applications in aviation, aerospace, metallurgy, automobile and medical, etc. Owing 
that many heat treatment processes and phase change of titanium alloys are closely 
related to the diffusion behavior of alloy elements, it is necessary to study the 
diffusion kinetic of materials with experiments and theoretical calculation. However, 
due to lack of related experimental data, diffusional kinetic database of titanium-based 
alloys is not perfect at present. Therefore, in present work, interdiffusion coefficients 
of partial bcc Ti-based binary systems were measured experimentally by diffusion 
couples. And based on the experimental data determined in this work and reported in 
the previous literatures, the mobility parameters were assessed by using the DICTRA 
software. In addition, based on experimental data reported in the literatures as well as 
atomic mobility parameters of binary systems, the mobility parameters of related 
partial bcc Ti-based ternary systems were assessed, which further improved the 
kinetic database of Ti-based alloys. The main research content of this study are as 
follows: 
(1) The diffusion couples of the bcc Ti-X(X=Ga、Cu、Sn、Co、Ni) binary systems 
were prepared, and the concentration-distance curve of each diffusion couple was 
measured with EPMA technology. Base on the obtained concentration-distance curve , 
the interdiffusion coefficients of the bcc Ti-X(X=Ga、Cu、Sn、Co、Ni) binary systems 
were calculated in the temperature range of 1273-1573 K with Den Broeder method. 
The experimental results show that the experimental data determined in this work and 
reported in the previous literatures are consistent basically. 
(2) Based on the experimental data obtained in this work and reported in the 
previous literatures, the mobility parameters of the bcc Ti-X(X=Ga、Cu、Sn、Co、
Ni) binary systems were assessed by using the DICTRA software. And the mobility 
parameters of the bcc Zr-Cr and Zr-Fe binary systems as well as the fcc Cu-Ga binary 
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systems were assessed based on the experimental data reported in the previous 
literatures. The calculated results are consistent with the experimental data. The 
concentration-distance curve of each diffusion couple was calculated with the 
assessed mobility parameters, and a good agreement between the calculated and 
experimental results was obtained, which further verify the rationality of the atomic 
mobility parameters. 
(3) Based on the experimental data reported in the previous literatures, the mobility 
parameters of the bcc Ti-Al-X(X=Mo、Co) ternary systems were assessed by 
DICTRA. The calculated results are in good agreement with the experimental data. 
And the concentration-distance curve and diffusion path of each diffusion couple was 
calculated. The calculation are well consistent with the experimental data, which 
further verify the accuracy and validity of the atomic mobility parameters. 
 
Keywords: Titanium-based alloys; DICTRA; Diffusion couple; Diffusion coefficient 
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